Partial denaturation maps of 30 HSV-I DNA molecules have been obtained using a procedure designed to avoid possible hydrolysis of the DNA at alkalilabile bonds. From the denaturation pattern of the long unique DNA region these molecules were divided into two groups comprised of 16 and 14 molecules. Histogram plots relating the percentage denaturation to position on the DNA for these two groups were aligned in a manner appropriate to the HSV-I genome model. It was apparent that these groups had the orientation of the long region inverted with respect to each other. Similarly, from the denaturation maps of the short unique region, the molecules were divided into two groups each comprising 15 molecules. Alignment of the histogram plots of these groups indicated that the orientation of the short region was inverted in one group relative to the other. These partial denaturation data confirm the presence of four HSV-I genome arrangements resulting from the possible combinations of inversions of the two unique DNA regions.
INTRODUCTION
DNA isolated from herpes simplex virus type I (HSV-I) consists of linear duplex molecules with a mol. wt. of 95 to IOO x lO 6 (Becker, Dym & Sarov, I968; Kieff, Bachenheimer & Roizman, I97I ; Wilkie, I973) . Electron microscopic observations on intact single-stranded HSV-I DNA before and after self-reassociation (Sheldrick & Berthelot, 1974; Wadsworth, Jacob & Roizman, I975) have indicated that inverted sequences which are complementary to sequences present at both ends of the molecules are located internally in the DNA. Sheldrick & Berthelot (I974) have proposed that the HSV-I genome consists of a long unique region and a short unique region, with each unique region flanked by repeated regions which are inverted relative to each other. They further proposed that the two inverted repeats which are present internally are adjacent to each other. As terminal repetition also has been reported for HSV-I DNA (Grafstrom et al. I974, I975; Sheldrick & Berthelot, 1974 ) some sequences may be common to each of the four repeated regions.
Inherent in this unusual genome configuration is the possibility that either terminal repeat can pair with its internal complementary sequence. Assuming this pairing, then as suggested previously (Sheldrick & Berthelot, I974) , an intramolecular reciprocal recombination event occurring within the repeats in a double-stranded molecule will result in the inversion of the entire unique region between the participating repeats. A high frequency of occurrence for such reciprocal recombination events distributed randomly between the two sets of repeats, will generate equal amounts of four genome arrangements which result from the possible combinations of inversions of the two unique regions. These four possible genome arrangements are shown in Fig. I . Data on the molar ratios and the size of the HSV-I DNA fragments produced by treatment of intact DNA with restriction endonucleases have indicated that these four genome arrangements are present in DNA preparations and in approximately equal amounts (Hayward et al. 1975; Clements, Cortini & Wilkie, I976) . Evidence has been presented that partial denaturation histograms of ten HSV-I DNA molecules show a symmetrical distribution of denatured sites between the repeat regions which can be explained by assuming random inversions of the unique regions (Hayward et al. I975) .
The work reported here was initiated to obtain direct evidence for the two possible orientations of the unique regions by means of partial denaturation mapping.
METHODS

Cells and virus.
Baby hamster kidney (BHK CI3) cells were grown as monolayers in slowly rotating 8o oz bottles containing Eagle's medium supplemented with IO ~ tryptose phosphate and Io ~ calf serum. Confluent cell monolayers were infected with HSV-I (,Glasgow strain I7 virus [Brown, I973] , purified genetically by four successive cycles of picking single plaques) at low input multiplicities o.oi to o'o3). Cell monolayers were incubated at 37 °C for 3 days prior to virus harvest.
Isolation of DNA. HSV-I DNA was isolated by phenol/SDS extraction of pelleted cell released virus (Wilkie, I973) after purification of the virus on gradients of dextran T-Io (Spear & Roizman, 1972) . All DNA preparations used, when analysed by isopycnic banding in CsC1 density gradients, contained a single detectable DNA component with a density characteristic of HSV-I DNA (Halliburton, Hill & Russell, 1975) .
Partial denaturation of DNA. In order to avoid possible hydrolysis of the DNA at ribonucleotide-containing sites (Hirsch & Vonka, 1974 ) the partial denaturation of the DNA was done at low temperature and at approximately neutral pH. To achieve rapid denaturation under these conditions a high concentration of sodium perchlorate was used in the formaldehyde-containing denaturation buffer, which, according to studies by Melchior & yon Hippel (I973) , should lower the melting temperature of the DNA and still increase the difference in melting between AT-rich and GC-rich regions.
The DNA was incubated at a concentration of 3 #g/ml in a buffer containing 6 M-sodium perchlorate, O.Ol M-sodium phosphate, t mM-EDTA and 4 ~ formaldehyde, pH 7"5, for 6o min at 33 °C. After the denaturation, samples were chilled on ice and passed through a column of Sephadex G-too (4"5 cm high x o'5 cm diam.) in I mM-EDTA, pH 7.0. A 5o #1 sample was loaded on to the column and eluted with 3oo #1 I mM-EDTA (slightly less than the void volume) followed by the collection of three 50/zl fractions. Samples of these fractions were spread and examined by electron microscopy. Molecules showed an average degree of denaturation of 24"8 + 5"3 ~.
Spreading conditions. Samples (15/d) of the column fractions were spread in a final vol. of 5o/zl, containing 3o ~ formamide, I mM-EDTA, o-I M-triethanolamine-HCl, pH 8"5, o.oI ~ cytochrome, and o.1 #g/ml of PM2 DNA as a tool. wt. standard. The hypophase contained Io ~ formamide, t mMoEDTA, o-oI M-tris-HC1, pH 8"7. The cytochrome film was picked up on parlodion coated 2o0 mesh copper grids, stained with o'5 mM-uranyl acetate in 9o ~ ethanol, and rotary shadowed with platinum. For the stabilization of the grids against the slow deterioration of the uranyl acetate stain (observed after a couple of weeks), they were covered after the platinum shadowing with a thin coat of carbon.
Electron microscopy and measurements. Pictures of the partially denatured DNA were taken with a Siemens Elmiskop ioI at a magnification of 3450. After a sevenfold photographic enlargement, measurements were done on the prints using an X-Y-measuring stage connected to a Wang calculator system.
As mol. wt. standard PM2 DNA (mol. wt. 6"4ox Io6; Allet et al. I973) was used. The ratio of native HSV-1 DNA to the length of PM2 DNA was determined to be 15.52, corresponding to a mol. wt. of 99"3 + 1.5 x io 6. The somewhat higher stretching of a singlestranded DNA under the spreading conditions employed caused a slightly higher ratio of the partially denatured HSV-t molecules versus PM2 molecules (I5.8I). Consequently, based on an average degree of denaturation of 24.8 + 5"3 ~o, the single-strand lengths were corrected by multiplication with a factor 0"93 to make them comparable in length to double-stranded regions.
RESULTS
An electron micrograph of a partially denatured HSV-I DNA molecule is shown in Fig. 2 . Denaturation maps of thirty molecules obtained from a single denaturation experiment are shown in Fig. 3 . The molecules are aligned relative to two topologically distinct native regions which are presumably G + C rich. One of these regions-at the extreme left end -comprises a stretch running from o to 4 ~ of the DNA contour length. The other native region used for this alignment runs approx. 14 to 18 ~o from the left end. From this initial alignment of the molecules it is apparent that they can be divided into two groups on the basis of a third distinctive native region. ;; ",',,""'; Fig. 3 . Partial denaturation maps of 3o HSV-t DNA molecules. Histograms show the position and percentage denaturation of the I4 group A and I6 group B molecules. The criteria used to assign molecules to these groups are described in Results. Arrows indicate the direction of orientation of molecules relative to the distinctive native regions at the left end of the molecules.
Group A consists of I 4 molecules with a native region running from 48 to 52 ?/oo while group B is comprised of I6 molecules which have a distinctive native region running 64 to 68 % from the left end. Histogram plots of the data for both group A and group B molecules also are shown in the centre section of Fig. 3 -These histograms can readily be explained in terms of the HSV-t genome model (Sheldrick & Berthelot, I974; Fig. I) . Assuming that the two native regions located at the left end correspond to the repeat and inverted repeat flanking the short unique region then each of these repeats comprises 4 % of the DNA while the short unique region comprises Io % of the DNA. Therefore, the native regions at 48 to 52 % and 64 to 68 % used to delimit groups A and B must both lie within the long unique region with the internal repeat bounding this region beginning approx. I8 % from the left end.
An immediately striking feature of the histogram alignments in Fig. 3 is the general dissimilarity between groups A and B shown for most of the long unique region. However, there are stretches of similarity at either end of the long region and from the genome model these regions of similarity should correspond to the repeat and inverted repeat flanking the long region. The precise size of these repeats is difficult to estimate from the histograms but the figure of about 7 % of the DNA is a reasonable estimate. This leaves 68 % of the DNA which comprises the long unique region. Fig. 3 into two groups on the basis of the short unique region. Histograms show the position and percentage denaturation of the I5 group C and 5 group D molecules. Criteria used to assigrt molecules to these groups are described in Results. The orientation of the group C molecules is inverted relative to that of the group D molecules with the terminal repeat of the short region in group C molecules matched with the internal repeat at the short region of group D molecules.
In order to align the distinctive native region occurring within the long region of group A and group B molecules it is necessary to invert the orientation of those molecules which comprise one of the groups. In Fig. 4 the orientation of group A molecules is inverted with respect to that orientation shown in Fig. 3 -Relative to the HSV-r genome model of Fig. I , the alignment shown in Fig. 4 shows the terminal repeat of the long region in group A molecules aligned with the internal inverted complement of this repeat in the group B molecules. This alignment results in the close match of the two histogram patterns which extends throughout the entire long unique region and is also shown in the flanking repeats.
Similarly, when the short unique region is examined, two distinctive features allow a separation into two groups. These features are a native region I I ~ from the left end of group C molecules and 7 ~ from the left end of group D molecules, and a denatured region at Iz ~ from the end of group C molecules and at 6 ~ from the end of group D molecules. Groups C and D are each composed of fifteen molecules and Fig. 5 shows histograms of these two groups with the orientation of the group C molecules inverted relative to that of 
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the group D molecules. In Fig. 5 the terminal repeat of the short region in group C molecules is matched with the internal repeat at the short region of the group D molecules. The histograms of the short unique region show a considerable degree of similarity when the orientation of one group is inverted. However, Fig. 3 shows that the denaturation maps of the short region also display some degree of symmetry before separation into the groups. Consequently, compared with the long region, the unambiguous assignment of molecules into a group is considerably more difficult for the short region and the features used for separation of the short region groups were derived from analysis of other molecules in addition to those displayed in Fig. 3 . To determine the frequency of occurrence of the four possible genome arrangements 2 9 molecules for which the short region orientation was readily apparent were examined. This group (which included some of those molecules shown in Fig. 3) contained the followi ng numbers of the 4 different genome arrangements A C 4, -~ ~ 7; B C 2 I; 7 where the orientations indicated by the arrows are those shown in Fig. 4 and 5. A X 2 test for 3 degrees of freedom shows these values do not differ significantly from equality. The partial denaturation data presented here give size estimates for the DNA regions in fair agreement with the estimates obtained by Wadsworth et al. (1975) . The repeat and internal repeat flanking the short unique region each comprise approx. 4 ~ of the DNA contour length while the value for those flanking the long unique region is about 7 ~. Estimates of 68 and 2o ~ of the DNA contour length were obtained for the long and short unique regions respectively.
The partial denaturation data also yield information on the extent of the terminal redundancy. Estimates of the terminal redundancy vary with reported values of 4"5 (Sheldrick & Berthelot, 1974) and o'5 ~ (Grafstrom et al. 1974 ) of the DNA. Assuming that the terminal redundancy is represented by the very short native region which is common to both ends of the molecules and at the junction of the two internal repeats, then each redundancy comprises some o. 7 ~ of the DNA.
Reischig, Hirsch & Vonka (I975) obtained a tentative denaturation map of HSV-I DNA by alignment of molecules to give maximum overlap of denatured regions. They did not allow for relative inversions of the unique regions; unfortunately, as they have pointed out, the lengths of the molecules they examined varied considerably and there were inherent difficulties in the denaturation procedures used. The published partial denaturation maps of ten HSV-2 DNA molecules denatured by alkali suggested that the denaturation patterns of the repeats were reproducible whereas those of the long and short regions were not (Wadsworth et al. 1975) . The partial denaturation histogram of these same molecules showed a symmetrical distribution of denatured sites between the repeat regions which was explained by assuming random inversions of the unique regions (Hayward et al. ~975) . 
